ABSTRACT
INTRODUCTION
review board. In addition, the experimental design and methodology followed in this 121 investigation were in accordance with the international ethical standards of Chronobiology
122
International (Portaluppi et al., 2010) .
123
The trial was performed in June 2014 with ambient water temperature of 12.3 ± 0.3 ºC and 124 simulated natural photoperiod set at 18 h light: 6 h darkness (18L:6D). Fish were treated with 125 a nominal concentration of 1500 mg/L for 20 min at six different times of the day (every 4 h 126 during a 24-h cycle): "zeitgeber time" (ZT) 2 (two hour after lights on), ZT6, ZT10, ZT14, 127 ZT18 and ZT22. At each time point, one of the 16 tanks (n=8 salmon) was treated with H 2 O 2 .
128
During treatment, water was oxygenated ensuring that oxygen levels were above 7 mg/L and 129 water temperature was monitored. In addition, at each sampling point, another tank 130 containing 8 control salmon (not exposed to H 2 O 2 ) were also sampled. Following exposure, Blood was withdrawal by caudal puncture with heparinised sterile syringes. This procedure 141 was done in less than 5 min to avoid the increase of plasma cortisol and glucose levels due to 142 handling. Blood was centrifuged at 3000 rpm for 15 min and plasma removed and frozen at - between pairs of assay results, for which a regression analysis was performed. Plasma 155 cortisol levels were measured with a commercial ELISA kit (Calbiotech, USA) that was also 156 validated for Atlantic salmon. In all cases, serial dilution of pooled salmon plasma was used 157 to obtain an inhibition curve that, following logit-log transformation, was found to be linear 158 and parallel to the standard curves, indicating that sample and standard glucose, lactate and 159 cortisol were comparable (Soper, 2015) .
161

Gene expression analyses
162
Liver and gill samples were homogenised in 1 mL of TRIzol® (Invitrogen, UK) and total
163
RNA extracted in accordance with the manufacturer's instructions. RNA pellets were 164 rehydrated in MilliQ water and total RNA concentration was determined using an ND-1000 Table 1 for target specific annealing temperature).
175
This was followed by a temperature ramp from 70 to 90 ºC for melt-curve analysis to verify 176 that no primer-dimer artefacts were present and only one product was generated from each 177 qPCR assay. The final volume of the PCR reaction was 10 µL: 2.5 µL of cDNA, 5 µL of the 178 qPCR Master Mix and 2.5 µL of forward and reverse primers (Table 1) . The primers used to 179 amplify gpx1, cat, hsp70, Mn-sod, bmal1 and clock were previously tested and validated for 180 Atlantic salmon (Betancor et al., 2014; McStay et al., 2014; Olsvik et al., 2014 
199
Cosinor analysis was also performed using Ritme software (Antoni Díez-Noguera, University 
RESULTS
206
Circulating physiological stress indicators
207
For glucose and lactate, a subset of samples was assayed in parallel using both 
216
In the control salmon, glucose levels did not show significant differences between sampling 217 points. However, a significant daily rhythm was observed in fish treated with H 2 O 2 with the 218 acrophase being found at around ZT6 (Cosinor, p<0.05) ( Table 3 ). In addition, at ZT6,
219
glucose levels in the treated group were significantly higher than in the control group. On the 220 contrary glucose levels in the control group were higher at ZT22 (t-test independent samples, 221 p<0.05) ( Fig. 2A) around ZT6, indicating that stress response in this species may be under circadian regulation.
308
The acrophase of glucocorticoids daily rhythm seems to vary depending on the activity phase research suggested that higher activity could be due to either daily variation or cry deficiency 393 while low activity would be caused by daily variation or bmal1 and/or clock deficiency.
394
Likewise, CLOCK/BMAL1 heterodimer activates the expression of klf10 (krüppel-like 395 factor), a transcription factor integrating both circadian and metabolic cues to regulate a 396 crucial gene of hepatic gluconeogenesis in mice (Guillaumond et al., 2010) . In our study, the 397 hepatic expression of both bmal1 and clock in the treated group peaked at around ZT8-9 but 398 translation of the corresponding proteins would be expected to peak later in the day, giving 399 support to our results showing lower effects of H 2 O 2 at the end of the day and at night.
400
Further studies focusing on the levels of CLOCK/BMAL1 complex are clearly needed to 401 confirm this hypothesis.
402
To conclude, the physiological and molecular biomarkers used in this investigation showed between experimental groups at the same time point (t-test independent samples, p<0.05).
9
Superscript letters indicate statistically significant differences between sampling points (ZTs) 
21
Full details given in Figure 2 . 
